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Table 6.3 Monthly Average Values of Sclected Ambicnt Air Quality (1988)

SO (ppm) THC (ppm)SPM (mg/nlé)

July _ 0.014 6.81 48.00
August 0.010 B.65 48.50
September 0.017 10.14 36.00

Source : Municipality of Tehran
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Table 6.4 Average Ambient Air Quality of Weekday.s and Thursday (1988}

: SO2 (ppm) THC (ppm) SPM (ug/m3)
Saturday to Wednesday 0.014 8.90 41.30
Thursday 0.014 9.50 47.60

Source: Municipality of Tehran
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Table 6.5 Number of Days per Year w1th Levels Exceedmg Cr1t1031 Values
{1980- 1984)

SOZ (ng/m3) SPM (1g/m3) Smoke (Lg/m3)
exceeded{ 150 230 , 150
Shenyang 236|Shenyang 347|Santiago 299
Milan 167|Tchran 347|Tehran - - 249
Tehran 163 |Dethi 338 [Madrid 126
" |Bcijing 157|{Beijing .| . 338|Wroclaw 73
Seoul 121 |Calcutta 330|Sao Paulo - 52

Source : WHO/UNEP

—190—



Table 6.6  Number of Days per Year with chch Exceeding Critical Values

(as of 1992)

. SO2 (ug/m3) - SPM (ug/m3) Smoke (pg/m3)
exceeded 150 230]. 150
Shenyang 236 Tehran 347 Tehran 249

Tehran 162|Shenyang 347|Santiago 220

Milan 157 1Xian 327 (Madrid 126

Seoul 121 {JTakarta 268 {Wroclaw 73

Xian © . 114{Manila 225|Sao Paulo 52

Source : Hamshahri, Jan. 19, 1993
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Table 6.8 Emission Sources and Countermeasurcs

1)

fron and Steel Industry

Category Pollutant  Process Source

Countermeasure

Adr SOx Sinterer, Furnace Reduce S content in feed & fuel
NOx Sinierer, Furnace Low-NOQOx burner, Low-air ratio burning
Dust Various places Water spray, Collectar, Cover, Closed
: . space dust collecting
Water coD Coker, Rolling mill  Bio-ireating, Coagulation precipitation,
_ Floating
Cold mill pickling Separation, Neutralization
Oil Hot, Cold rolling mill Natural(Coagulation, Pressurizing)
floating separation
Waste Slag Blast, Rolling, Re-utilization(for Cement, Civil materials)
. Electric furnace _
Dust After collection Recycle to applicable feed
Noise Various places Curlziling at sources, Shelter, Enclosure
Others Plantation on premises, Telemetering

system

Electric Power Generation

Category  Pollutant Process Source Countermeasure
Ajr SOx Boiler Reduee S content in fuel, Flue gas
o desulfurization, High stack
NOx Boiler, Gas turbine Low-NOx bumer, 2-stage burning, Floe
gas denitrification, High Stack
Dust Boiler Electrostatic precipitator
Ccoz Boiler, Gas turbine ~ Comprehensive efficiency
. : _improvement{introducing cogeneration)
Water Heat Condenser Cooling tower
Noise Variows places Cuortailing at sources, Shelter, Enclosure
- Others Plantation on premises, Telemetering

system

Petroleum Refinery .

Category Pollutant Process Source

Countermeasure

Air S0x Boiler, Furnace Reduce S content in foel, Flue gas
desulfurization, Integrated high stack,
. . Sulfur recovery _
NOx Boiler, Fumace Low-NOx bumner, Modified burning, Flue
gas denitrification
coz2. Boiler, Fumnace Energy saving. .
Smoke  Flate stack Smokeliess biiming, Wasie gas recovery
Water 0il Process, Ballast, 0il separalor, Biochemical treatment
' Seal L
Wasle 0il Oil separator Recycie to feed, or fuel
Sludge  Water treater Dewatering and utilization as cement
_ ~ feed, etc. .
‘Noise " Various places Curtailing at sources, Shelter, Enclosure
Others Plantation on premiscs, Telemetering

sysiem
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4} Petrochemicals

Category Pollutant Process Source

Countermeasure

Air SOx Boiler, Fumace,

Reduce S content in fuel, nlegrated high

Reaclor stack, Flue gas desulfurization
NGx Boiler, Fumace, Low-NOx bumer, Modified burning, Flue
Reactor gas denitrification
coz Boiler, Furnace, Energy saving
Reactor '
_ Smoke  Flare stack * Smokeless burning, Wasie gas recovery
Water 0il Process, Scal Oil separator, Biochemical freatment

CcoD Process
Settlement Well -

Neutralization, Biochemical {reatment
Decrease well water nse

Wasle Qil 0il separator Dewatering and Incineration

Sludge  Waler treater Dewatering and Incineration
Noise Various places Curtailing at sources, Shelter, Enclosure
Others Plantation on premises, Telemetering

system

5) Gas Processing

Category FPollulant Process Source Countermeasure
Air S0x Process Feed conversion{Coal->Heavy 0il->LPG
->LNG) '

NOx Process

Feed conversion(Coal->Heavy 0il->LPG
->LNG)

8) Pulp and Paper Industry

Category Pollulant Process Source

Countermeasure

Air SOx Boiler

NOx Boiler. -

Reduce S coritent in fuel, Fuel
conversion to gas
Low-NOx burner, Modified burning

Waler S8, Color Wood Preparation,
Digesting, Paper
machine '

CoD Digesting, Breaching

Coagulation precipitation

Neutralization, Biochemical treaiment

Wasle Sludge  Waler treater

Dewalering and Incineration

Others

Plantation on premise

7) Cement Iridusiry

Countermeasure

Category Pollutant Process Source

Alr 50x Negligible
NOx Cement kiln
Dust Various places

COo2. Cement kiln

Production process absorbs sulfur
New suspension preheater, Modiiied
burning

Water spray, Collecior, Cover, Closed
space collecting

Energy saving

“Curtailing at sources, Shelter, Enclosure

Noise Various places
Others '

Plantation on premises, Telemetering.
sysiem
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"8} Sugar !ndustry

Category Pollutant Process Source Counterieasure
Air 80x Boiler Reduce S content in fuel, Fnci conversion
to gas
- NOx Boiler Low-NOx bumer, Modified bummb
Water SS - Flume discharge - Coagulation precipitation
~ COD Steffen process Biocheinical {reatment
Waste  Sludge  Water treater Dewatering and Incineration

9) Glass Industry

Category Pollutant Process Source Countermeasure

Air SOx Melling Farnace Reduce S content in fucl, Fuel conversion
: 1o gas .
NOx Melting Furnace Low-NOx bumer, Modified bummg
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Table 6.10 Estimation of Emission Volume from Power Plants

Production Fuel Conyumption SOx Emissing MNOx Emission

Power Plant Provinte 1992 Gas Oil HFO N.G. 1952 Share 1992 Shearc

. : (MWH) {1000L) (10COL) _ (1900m3}) | (L000Uyr) (%) | (1000uyr) (%)
Tabriz Azarbayjan-East 3,615,670 906 889.357 v} 53,228 1057 8.208 2.4
Tabriz Azarbayjan-East 181,026 23 405 0 57.706 a67 0,12 780 0.5
Soufian Azarbayjan-East 144,534 60,006 o ) 940  0.31 1429 L33
Azarbayjan-East Total 3,541,630 84317 $59.857 57.706 54,534 18.00 10417 10.08
Urmyeh Azarbayjan-West 81,072 18.043 [ [ 596 0.20 906 D.83|
Besat .. Boyebrabmad/Kobkiloyeh 1,302,883 4,045 80,498 309,104 4,879 1.61 2,027 1.96
Besat Boychrabmad/Kohkiloyeh 625,379 5467 0 223,893 87 0.03 992 0.96
Boyen/Kohkil Total 1,928,262 9482 30.498 532,997 4.967 1.64 3019 2.9
Boushebr Bushehr 223916 104,784 0 0 1.641 0.54 2495 241
Jstam Abad Esfaban 3,967,365 2.962 729,908 283,270 43,697 14.42 7.877 L&
Islamm Abad Esfaban 42,726 14 0 16,896 0 0.00 65 . 0.06
Esfahan Total 4.010.091 2.976 729,508 300,166 43.698 14,42 7,942 7.69
Zargan Fars 590,056 0 0 169,115 ! 0.00 651 0.63
Zarqan Fars 157,815 0 0 63,229 1 0.00 243 024
Shiraz Fars 906,40t 1,502 0 390,821 31 0.01 1,548 1.50
Hsa Fars 46.620 14,757 0 112] 231 0.08 352 0.4
Panahr Fars 208,701 113,820 0 0 1,782 0.59 2,710 2.62
Abadeh Fars 1,140 470 0 0 7 0.00 1t 0.01
Lar Fars 1487 1261 0 0 51 0.m 78 ©.08
Lamard Fars 9,737 12,6567 0 D0 198 0.07 302 029
Ears Total 1,523,957 146,777 0 623.277 2.304 0.76 5895  5.70
Lousban Guilan 1,730,231 i9t 0 425,958 6 000 1,645 1.59
Loushan Guilan 541,112 0 0 183,393 ! 0.00 706  0.68
Rasht Guilan 232,774 17 o 106,212 1 0.00 386  0.37
: Guilan Totat 2.504. 117} 208 o 709,603 9 . 0.00 2,738 2.65
Firouzi Hamadan 107,331 [ [} 47,218 0 0.00 182 0.18
Shahid Firouzi  Hamadan 255,092 0 2.560 97,319 154 0,05 398 0.39
' Hamadan Tozal 362,423 [\ 2.360 144.537 154 0.05 580 0.56
Bandar Abas Hormozgan 6.511,240 1,527 185.787 1,503,403 11,146  3.68 7535 129
Bandar Abas Hormozgan 0,811 4] 0 - 14,863 0 0.00 57 0.06
Qesbm Hormozgan 0 . 0 0 0 0 0.00 1] 0.00
Kish Heormezgan 36,666 3,217 0 .0 332 0.11 565 0.49
: Hormozgan Totzl £.568,717 22.744 185,787 . 1.518266 11.479 3.79 8.097  7.84
Zarand Kerman 222 460 6.445 73,767 0 4.512 149 832 0.81
Mashhad Kborasan 428,552 158 4,985 142,307 308 0.10 602  0.58
Tous Kborasan 2,642,667 159 16,951 730,529 1,622 0.34 2,973 2.8
Sarbisheh Kborasan 21,205 11.562 [\ 0 180 0.06 274 0.27
Mashbad Khorasan 649,440 4,525 0 262,569 73 0.02 1.119 1.08
Shirwan Khorasan 321,397 1,909 0 149,987 i1 0.01 623 0.60
Qaen ¥.horasan 200,245 84.642 o 0 1,325 0.44 2.015 1.95
Tous Khorasan 2.642,667 159 16,951 730.529 1022 0.34 2,973 2.8%
Ash¥nan Kharasan 1.091 1,098 ) 0 17 0.01 26 0.0
Khborasan Totat 6,907,264 104,345 18,887 2.015.921 3.976 1.31 10,605 10.26
Ramin Khuzestan 3,438,558 0 0 767,752 6 0.00 2957  2.86
Dorud Lorestan 42,116 26,075 ¢ 0 408 0.13 521 0.60
Mekab Mazandaran 8,665,740 [ 672,202 1,707,788 40,212 - 13.27| 12761 §12.35
Nekah ‘Mazandaran 1,383,777 779 0 484,247 16 0,01 1.823 .82
Mazandaran Total 10,049,517 779 672202 2192035 40,228 13.28 14.644  14.17
Zahedan Sistan/Baluchestan 235,348 57272 [ i 1,523 0.50 2316  2.24
Montazer Ghaem Tehran 3,944,134 7.807 1,024,375 0 61,380 2026 9.510  9.30
Montazery Tehran 4409, 121 4227 1,172,019 0 70,153 23.15 10,883 10.53
Rajai - Tehrad 638,366 -0 0 146,591 1" 0.00 565 0.55
Montazer Ghaem Tehran 24,885 16,205 0 1} 160 0.05 243 . 0.24
Montazer Ghaem Tehbran 224,635 1,206 0 63,309 19 0.01 273 026
Re ’ Tehran 3,127,199 27,210 ¢ 1,174,039 436 0.14 5169  5.00
Kilan Tehran 539,486 0 0 155.359 1 0.00 598 0.58
Sharjaty " Tehran 410,480 2234 0 186,999 36 0.01 773 075
Tehran Total 13.318.306 52,884  2.1963%4 §,726,297 132.187  43.63 28114 272.20
Kermanshah Yazd . 58,285 27,731 0 [ 434 0.14 660 0.64
Yazd Yazd 49,535 21,170 0 ¢ 332 o.11 504 049
Y azd Tetal 107,820 48,901 [ o 766 025 1,164 1.13
All Total 55,870,574 746,007 4,869,860 10,588.557]'- 302.986 100.00|  103.342  {00.00
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Table 6.11

Istimation of Emission Volume from Petroleum Refineries:

: Crude Processing Capacity SOx Emission NOx Emission
Refinery Province ' Share.| 1992 Share 1992 Share

' (BPSD) (%) | (1000i/yr) (%) | (i0001/yr) (%) |

Tehran “Tehran 220,000 21.85 33,800 * 2076 - 2,374 21.85
Bakhtaran  Bakhtaran 27,000  2.68 4,371 2.69 291 2.68
Tabriz ~ ° Azarbayjan-East 80,000 7.94 14,520 * B892 863 7.94
Istahan Isfahan 240,000 23.83 38,853 23.87] 2,590 23.83
Shiraz Fars 40,000  3.97 - 6,476 3.98 432 3.97
Abadan Khuzestan 380,000 3774 61,518 37.79 4,101 3774
Lavan Hormozgan 20,000 . 1.99 3,238 1.99 216 1.99
Total 1,007,000 100.00 162,775 100.00 10,868  100.00

Note : Following assumption was made on estimation

SOx emission rale
NOx emission rate
Operaling efficicncy

3.6 kgfton crude,
0.24 kg/fton crude

- 0.9(330 days/y)

Crude specific gravity 0.857

¥ Estimated based on actual fuel consumption
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Figure 6.4 Vehicle Stock in I.R. Iran
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Table 6.12 Vchicle Stock by Province

(as of 1990)

Province Urban Gasoline Car| Gas Qil Car| Vehicle
Population Stock Stock Stock

Tehran 6,650,665 1,754,400 298,581 2,052,981
Khorasan 1,701,869 416,298 135,700 ‘551,998
Esfahan 1,359,057 325,408 119,140 444,548
Azarbayejan-e-Sharqi 1,354,134 326,011 118,890] . 444,901
Fars 848,289 190,974 90,704 281,678
Khuzestan 836,033 189,592 89,943 279,535
Markazi 808,488 184,069 88,217 272,286
Mazandaran 623,300 135,860 75,890 211,751
Bakhtaran 560,514 120,796 71,368 192,164
Zanjan 463,852 96,558 6_3,965 180,523
Azafbayejan-e-Gharbi 416,089 85,561 ' 60,067 145,628
|Lorestan 392,471 81,102 58,070 139,172
Hamadan 376,139 78,616 56,660 135,275
Hormozgan 302,463 60,602 49,946 110,547
Gilan 290,897 59,406 48,831 108,238
Sistan-va-Baluchestan _ 281',923 58,913 47,954 106,867
Kerman 257,284 54,177 45,483 99,660
Yazd 230,483 48,856 42,678 91,534
Kordestan 204,537 43,767 39,829 83,596
Bushehr 201,642 44,919 39,502 84,421
Chaharmahal-va-Bakhiiyar 63,485 9,448 . 20,242 29,690
Semnan 61,021 10,714 19,782 30,496
llam & Boyerahmad-va-Kol 58,211 9,953 23,557 33,511
TOTAL | 18,342,858 4,386,000 1,705,000 6,091,000

g 3

* Sources: _ :
*1: A Statistical Reflection of the Islamic Republic of iran, No. 9 (Census of 1986)

*2: Motor Vehicle Statistics of Major Countries, Japan Motor industry Assoc. and Iran Yearbook '93

(Note) Correlations between the vehicle stock and urban population appear
very impressive, much more intensive than those of the vehicle stock
and the total population according to the analysis by regressions for 47

Prefectures in Japan as shown in Figure 6.5.
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Figure 6.5 Correlation between Vehicle Stock and DID Population in Japan
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Table 6.13 Regression of Coefficients
log¥=m *logX +b Veh. Stock Rate/1,000
Year R m b Total Pop. DiD Pop.
1960} 0.951659| 0.818576| -0.778097 20 46
1965 0.953576 0.761698| -0.078385{ 70 146
1970| 0.951867 0.659048] 0.576863 158 205
1975] 0.948035] 0.607138| 0.930702 246 432
1980| ~ 0.942128{ 0.585632| 1.100327 315 528
1985  0.943919] 0.584706| 1.183054 376 621
1990| 0.949888] 0.602652| 1.204787 460 728

R= Co_rrelation coeflicient
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Fig. 6.6 Encrgy Consumtion by Scctor ; LR, Iran
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Fig. 6.8 SO, Emission by Scctor ; LR, Iran
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Fig. 6.10 CO2 Emission by Sector ; LR. Iran
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Fig. 6.15
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Table 6.14 C()z.from Cement Production

Year

Cement Production
(Million ton)

CO2 from Cement -~
(0.12 Carbon ton / Cement ton)

1976
1977
1978
1979
1980
1981
1982
11983
1984
1985
1986
1987
1988
1989
1990

7.375
7706
7.150
7.620
7.895
9.231
10.001
10.912

11.803 -
- 12.095
11.273
12.618

12,118
112.830
15,150

0.885
0.925
0.858
0.914
0.947
1.108
1.200

1309

11,416
1.451
11.353
1.514
1454
'1.540

1818

Source
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6. 4.2 BRI
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d$0x (i) /S0x (1) =dF/F+dS$/8§+d1/1+dG/G
(SOx (i) /F) %dF :Fuel Control Factor
(Fuel Improvement and Sulfur Intensity)
(SOx (i) /S) * d'S : Fuet Conversio.n.(Switching) Factor
(SOx (i) /E) %d1 ':Ehergy Intensity Factor '
(SOx (i) /G) *dG : Economic Growth Factor
F=8S0x (i) /E (i), E (i) :Energy Consumption of i-fuel

S=E (i) /E, E : Total Energy Consumption
[=E/GDP,
G=GDP

NO x B4 204 LT D0,

ANOx (i) /NOx (i) =dF/F+dS/8+dIl.71+ dG./G

(NOx (i) /F) % dF :Fuel Contrel Factor
_ (Burning Bfficiency)

(NOx (i) ./S8) %d§S :Fuel Conversion (Switching) Factor
(NOx (i) /E) *d I :Energy Intensity Factor
(NOx (i) /G) * d.G : Beconomic Growth Factor
F=NOx (i) /E (i), E (i) :Energy C0nsumpti:0n of i-fuel
S=E (i) /E, E : Total Bnergy Consumption
I=E/GDP, | |
G=GDP
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increment {Tom the BASE YEAR

Inerement [vony the BASE YEAR
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Increment {rom the BASEYEAR

Increment from the BASE YEAR

Fig. 6.21 Factor Changcs in SOx Emission ; Gas
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Increment from the BASE YEAR

fncrement from the BASE YEAR

Fig. 6.23 Factor Changes in NOy Emission ; TOTAL
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- Increment from the BASE YEAR

Fig. 6.25 Factor Changes in NOx Emission ; Gas
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[nerement frum the BASE YEAR

Fig. 6.27 Factor Changes in COz Emission / [.R. Iran
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dC (i)/C (i) =d8 (i)/S (i) +d1l i)/ (i) +dG (i)/G (i)
(C (i)/S CiNxdS (i):Fuel Switching Factor
(C ()1 (i ))* d T (i):CLnergy Intensity Factor
(C (i)/G (iN*xdG (i):hcononic Growth Factor
S (i) =COu/E (i)(E (i):Bnergy Consumplion in Industry)
I (i) =E (i)11P
G (i)=11P
SO BRI G 2@ RINTO S, ZhICESE, BEBERERBLET XX — .
A0y vF A BRATERPCIEKRSE LTHNTH S ZENhHD, ZORMICE 3
CO: HEHIRIZ1973FLING, 2Bl T3, _
CO& DAY, 19865, TEEMEC O, HHIROBAICREG LTV
&%ﬁLTméogammw,ﬁﬁaﬁufm,a$®cozmmﬁﬁknﬁgﬁ%ému%
BB XOWEOTHRPITH LI EERL TS,

6.4.2.3 BRSO EL
) SO0x, NOxBIUCO MM BaT 2 ZERDHY
SOx, NOx, BEUCO, HilicH4 28 FROESOESIXHEE. 1505 K b)o X

DCHEFTHIEMNTES,

Table 6.15 (a) Factors Contributing to SOx and NOx Emission

. [%]
S0x L NOx
L R.Iran | * Japan I R. Iran Japan
_ Tolal  Petrolewm Gas| Total | Total = Petroleum Gas|] Total
Fuel Control 13 13 12] -111 * ¢ - 12 i2 9] -191 .+
Fuel Conversion -14 -8 33| - -1 -8 48| -
Encrgy Intensity 88 83 46{ -12 84 82 35]-111.
GDP Growth 13 12 9 22 | 15 14 8| 203

NOTE: - Fuel Conirol Factor meén Sulphur Intensity for SOx and Buming Efficiency
for NOx _ . _ _
*} In case of Japan, Fuel Control Factor includes Fuel Conversion Faclor.
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Table 6.15 (b) Factors Contributing CO2 Emission

[70)
1. R. Iran Japan
Fotal |Industrial Sector
Fue! Swithing {0) -17 -27
Energy Intensity 85 -41 -136
GDP Growth -441 130 263
Pop. Growth 59| 28
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19B0AE LS, EREIREI OFIAAS O x PHEE AR T, KEhO SO x
RS T OENDYIRAE BT I,
— 5 2 BB RE
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Fig. 6.29(a) Factor Changes in CO2 Emission / JAPAN, Industrial Sector
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633, 6.34, 6.35(a), BXC6I5ONET ¥ FHEICHI S | RTALF LSO,
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b PR (1,000 ), IS 1 IRT R AF—THE (1, 000T O B) AVRENTL 5,

R 2 S OTROGEMBA AT DI, €OBRIATOM®Y, '

SOx Emission Ln (SOx) =—621+L16Ln (PEC) Rsqr.=0.918
NOx Emission Ln (NOx) =—4 M+0.95L n (PVEC) " Rsqr, =0. 987
CO.* Emission Ln (CO.) =0.01+0.9Ln (PEC)  Rsaqr. =0.997

* . Carbon equivalent
(9) $FFHAREES IR
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GDP / Capita
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GDP / Capita

Fig. 6.38(a) CO2/GDP
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GDP/Cap('80%)

CO2 Emission Volume per GDP and Per-capita GDP

(includes emission from vegitative fuels)
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[¥ Fuel for Noﬁ-Energy Use Not Included ]

with Forecast to 2021
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Fig. 6.44
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Fig. 6.45
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